We investigated the effect of tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCl) buffer (pH 7.0) as a bulk solution on the adsorption of DNA by gibbsite, goethite, montmorillonite, kaolinite, synthetic and natural allophanes, two humic acids and two andosols. The natural allophane, gibbsite, kaolinite and an andosol adsorbed significantly more DNA in a 0.1 M Tris-HCl buffer than in a 0.1 M NaCl solution (t-test, P<0.005). In contrast, montmorillonite adsorbed significantly less DNA in the Tris-HCl than NaCl solution (P<0.05). Care should be taken when using Tris-HCl in studies on the adsorption of extracellular DNA molecules by soil particles.
Nucleic acid adsorption at soil-solution interfaces is important in understanding many subjects such as the biosafety of genetically modified organisms (17) , protection of DNA against nucleases in soil (13, 22) , genetic transformation of competent bacteria in situ (5, 6, 11, 22) and extraction of DNA from soil for the study of microbial communities (e.g. 34) .
The adsorption of DNA molecules by phyllosilicate minerals is affected by several factors including DNA size (6) , mineral types (2) , the pH of buffer solutions (7, 8, 11) , the ionic strength of solutions (12) , the presence of other cellular components (21, 22) and electrolytes (7) . The adsorption of DNA by phyllosilicate minerals can differ from that by variable-charge soils such as andosol. There have been several studies on the retention of DNA in natural soils (18, 19, 26, 28, 29) .
Tris(hydroxymethyl)aminomethane (Tris) solutions are used widely as buffers due to their stabilizing effects on biomolecules (16) . There have been several studies about the adsorption of DNA on soil particles using Tris-HCl buffers as background solutions (e.g. 2, 3, 4) . Recently, Wei et al. (36) reported that a Tris-HCl buffer (pH 7.4) increased protein adsorption on germanium (Ge) surface. To grasp how much Tris-HCl affects on the adsorption of DNA by soils, we investigated the effect of a Tris-HCl buffer (pH 7.0) as a bulk solution on DNA adsorption by a variety of materials (gibbsite, goethite, montmorillonite, kaolinite, synthetic and natural allophanes, two humic acids and two andosols).
The mineral samples used in this study were: Gibbsite, provided by Showa Denko (Tokyo, Japan); goethite, synthesized by the method of Atkinson et al. (1) ; montmorillonite K10, provided by Sigma-Aldrich (St Louis, USA); kaolinite, collected from Iriki, Kagoshima, Japan; a synthetic allophane produced by the method of Ohashi et al. (20) and a natural allophane supplied by Shinagawa Chemicals (Tokyo, Japan). The properties of these solids have been reported recently (14, 24, 25) . Humic acid A and B were purified from reagents provided by Wako Pure Chemical Industries (Osaka, Japan) and Sigma-Aldrich. The purification process was based on the IHSS method (33) . The properties of humic acids were described previously (10, 15, 27) . Two surface humic andosols were also used; Chiran soil (CR soil) taken from a field in Minamikyushu, Kagoshima and Tanashi soil (TA soil) from a forest in Nishi-tokyo, Tokyo. These soils were classified as Typic Melanudands. The properties of andosols were indicated in previous studies (28, 29) .
We used salmon sperm dsDNA at 10 mg mL −1 (average molecular size, 1000 bp) purchased from Invitrogen (California, USA); DNA solutions were prepared with distilled water prior to adsorption experiments. The Tris-HCl buffer (pH 7.0) was prepared by adjusting a 1 M Tris solution to pH 7.0 with concentrated HCl. Autoclaved solid samples (10 mg) were amended with the 1.0 M Tris-HCl buffer (100 μL) and a 1 mg mL −1 DNA solution (100 μL). Distilled water was then added to make up the solution to 1.0 mL. The initial DNA concentration of the working solution was 100 μg mL −1 . The suspension was shaken for 2 hrs in an air-conditioned room at 25 ± 1°C and then centrifuged at 16,000 × g for 10 min at 25°C. The supernatant was analyzed for DNA concentration. Comparative experiments were conducted with a 0.1 M NaCl solution used as a bulk solution instead of the 0.1 M Tris-HCl buffer. The experiments were carried out in triplicate. The differences in DNA adsorption by each solid sample between the Tris-HCl buffer and NaCl solution were evaluated using a t-test.
For isotherm experiments, the autoclaved natural allophane sample (10 mg) was amended with the 1.0 M Tris-HCl buffer (100 μL) and the diluted DNA solution, then made up to 1.0 mL. The initial DNA concentration ranged from 0 to 140 μg mL −1 . The suspension was shaken for 2 hrs in an air-conditioned room at 25 ± 1°C and centrifuged at 16,000 × g for 10 min at 25°C. The supernatant was analyzed for DNA concentration.
The adsorptive affinity of DNA was analyzed using the Langmuir equation:
where A represents the adsorption of DNA, A max is the maximum adsorption, k is an adsorptive equilibrium constant, and C is the equilibrium concentration of DNA. From the equation [1] , we then obtain a linear equation, Maximum adsorption and the adsorptive constant can be calculated by applying of the empirical adsorptive data to the equation [2] . The regression coefficients of each fitting line were evaluated by a t-test.
The DNA in the supernatant was quantified by using the Pico-Green fluorometric method (9) . Standard DNA calibration solutions were made in similar background solutions to the sample solutions obtained in each experimental section described above. Adsorption was calculated from the difference between the amount of DNA added and that remaining in the solutions.
We compared the amount of DNA adsorbed by various solid samples in the 0.1 M Tris-HCl (pH 7.0) buffer with that adsorbed in the 0.1 M NaCl solution, as shown in Table 1 .
The pH values for samples with humic acid A and humic acid B were 3.8-4.0 and 4.3-4.4, respectively. The pH of all the other samples was around 7.0 in both solutions. DNA adsorption would not be affected by the difference in pH between the Tris-HCl buffer and the NaCl background solution. The ionic strength of the supernatants was higher for the Tris-HCl buffer (0.29-0.30 mol L −1 ) than the NaCl solution (0.17 mol L −1 ). However, the difference is not likely to affect the adsorption of DNA by the solid samples because it was within the variation in ionic strength at which adsorption was almost constant in andosol (29) and allophanes (30) . The natural allophane, gibbsite, and kaolinite adsorbed significantly more DNA in the Tris-HCl buffer than NaCl solution (t-test, P<0.005), as did the synthetic allophane, humic acid A, and the TA soil sample (P<0.05) (Table 1) . However, no significant influence of the Tris-HCl buffer was observed for humic acid B and CR soil (P<0.1). In contrast, montmorillonite adsorbed significantly more DNA in the NaCl solution than Tris-HCl buffer (P<0.05).
The adsorption of Tris molecules by the minerals was investigated to estimate the competition with DNA. The mineral samples (10 mg) were added to 1 mL of the 0.1 M Tris-HCl solution (pH 7.0), then shaken for 2 hrs. After centrifugation, the total organic carbon (TOC) concentration for the supernatant was analyzed with a TOC analyzer (TOC-5000, Shimadzu, Kyoto, Japan). The amount of Tris was estimated from the TOC concentration. The adsorption of Tris molecules was calculated from the difference between the amount of Tris added and that remaining in the solution. No significant decrease in TOC concentrations was observed in any samples, meaning that Tris molecules apparently were not fixed by these minerals. Any adsorption of Tris would be too small to be detected in this experiment due to the relatively high concentration of Tris (0.1 M). In addition, there is no reference for the adsorption of Tris molecules by minerals. Therefore we ignored any competitive effects of Tris molecules on the adsorption of DNA by these minerals. Table 2 shows the DNA adsorption by natural allophane as a function of the Tris-HCl concentration. The adsorption in all the Tris-HCl solutions was significantly greater than that in the control (t-test, P<0.005). Allophane adsorbed significantly more DNA in the 0. (Fig. 1) . The ionic strength of the suspensions with the Tris-HCl and NaCl solutions were estimated from 0.22 to 0.28 mol L −1 and from 0.15 to 0.16 mol L −1 , respectively. Based on previous studies (unpublished data), we assumed any effect on DNA adsorption caused by an increase in ionic strength of up to 0.8 mol L −1 to . We calculated the adsorption coefficient and the maximum adsorption by natural allophane to be k=0.65 and A max =8.1 mg g −1 in the Tris-HCl buffer, and k=6.17 and Amax=4.0 mg g −1 in the NaCl solution, respectively. The adsorption was remarkably greater in the Tris-HCl buffer. These isotherms were categorized as Lor H-types (32), indicating a strong affinity between DNA molecules and the surface of allophane particles in both solutions. Furthermore, these isotherms show that the adsorbed DNA molecules likely form monomolecular layers on the surface of the particle, which rule out the possibility of the precipitation or coagulation of DNA molecules in both solutions. Our results demonstrate that the effect of Tris-HCl on DNA adsorption depends on the type of adsorbent. This is consistent with previous studies showing that the effect of Tris-HCl on protein adsorption depends on the kind of protein and adsorbent. For example, Vasina and Déjardin (35) reported that the adsorption of α-chymotrypsin on muscovite mica was depressed by increasing concentrations of Tris-HCl buffer at pH 8.6. Wei et al. (36) also showed that the amount of bovine serum albumin (BSA) adsorbed on Ge surface increased monotonically with the Tris-HCl concentration.
As shown in Fig. 2 , the Tris molecule has a -NH2 and three -OH groups. Since the pK of Tris is 8.3 (31), some -NH 2 groups will be positively charged around pH 7.0. This -NH3 + group can interact with the diphosphate moiety of ADP either electrostatically or via a H bonds, allowing it to compete with Mg 2+ and Ca 2+ for interaction with ADP (31). Quan et al. (23) also proposed that three -OH groups bind to amino acid residues in a pocket of lysozyme by H bond. There are two possible explanations for the positive effect of the Tris-HCl buffer on DNA adsorption on solid surfaces, as shown in Fig.2: (i) the -NH3 + groups of Tris molecules bind to negatively charged solid surfaces and the three -OH groups for hydrogen bonds with DNA backbones or, (ii) the -NH 3 + groups bind to phosphate groups of DNA and the -OH groups for hydrogen bonds with the adsorbent surface. Whichever mechanism occurs, Tris acts as a bridge between DNA and solid surfaces. However the frequency and strength of the bridge binding are much reduced in comparison to that with divalent cations such as Mg 2+ and Ca 2+ , because no positive effects of Tris on DNA adsorption were observed for several minerals such as montmorillonite while even small amounts of divalent cations remarkably enhanced the adsorption by montmorillonite, kaolinite, goethite (2), soils (29) and allophane (30) .
Great care should be taken when using Tris-HCl as a bulk solution in studies of the adsorption of extracellular DNA molecules on soil particles. 
